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POPULATION ECOLOGY
Effects of Meteorological Variation on Mortality in Populations of the
Spittlebug Deois flavopicta (Homoptera: Cercopidae)
EDISON R. SUJII,1, 2 MARIA ALICE GARCIA,3 ELIANA M. G. FONTES,2 CARMEN S. S. PIRES,2 AND
ROBERT J. O’NEIL4
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ABSTRACT We found that variation in temperature and humidity signiÞcantly affected mortality
rates and population dynamics of the spittlebug Deois flavopicta Stål by monitoring cohorts of
diapausing eggs and nymphs for three generations. Cohorts of quiescent eggs, when exposed to
increasing periods of high moisture (free water), produced higher proportions of eggs resuming
embryonic development in laboratory experiments. The accumulated number of eggs resuming
development as a function of days of exposure tomoist conditions wasmodeled using a  distribution.
Periods of drought and high temperatures after the beginning of postdiapause development increased
embryonic and nymphal mortality. Mortality was modeled with a linear function, and in combination
with the development model allowed the simulation of varying mortality rates in the newly emerged
nymphal population. Comparisons with Þeld data demonstrated a close Þt to the observed and
expected proportion of nymphs hatching daily. By accurately simulating natural mortality, hatching
distribution and population dynamics, the model promises to be useful for managing the spittlebug
in the Þeld.
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THE SPITTLEBUGDeois flavopicta Stål is the main pest of
cultivated grass pastures in tropical central Brazil
(Botelho and Reis 1980, Cosenza and Naves 1980).
The insectÕs life history strategy includes survival over
the dry season (MayÐAugust) as diapausing eggs, and
risk distribution (bet-hedging) in which females vary
both the proportion of diapausing eggs and the dura-
tion of the dormancy in its progeny (Fontes et al.
1995).Other characteristics such as oviposition inpro-
tected places (e.g., soil and pasture straw), spittle that
protects nymphs against desiccation and natural en-
emies, along with the capacity to colonize several
species of grass (mainly Brachiaria), allow for fre-
quent outbreaks of this insect.
In central Brazil, D. flavopicta generally has three
non-overlapping generations per year throughout the
rainy season (SeptemberÐApril). After the dry season,
postdiapause eggs remain quiescent waiting for favor-
able conditions to hatch (Pires et al. 2000a). The
occurrence of high densities ofD. flavopicta has been
related to various factors such as precipitation, tem-
perature, and evapotranspiration (Reis et al. 1980,
Ribeiro et al. 1980,Milanez et al. 1981,Melo et al. 1984,
Sujii et al. 1995, Pires et al. 2000a). Although many
studies show how patterns of climatic variation can
inßuence insect population abundance in the tropics
(e.g., Wolda 1988, Medeiros and Vasconcellos-Neto
1994, Pires et al. 2000a), there is a lack of data to
explain how variations in weather that occur during
the transition between dry and rainy seasons affect
mortality rates and population dynamics of spittlebug
in pastures habitats. The occurrence of sparse and
irregular rainfalls, alternatingwith periods of elevated
evapotranspiration, produceaprominentwaterdeÞcit
that appears to control the annual abundance of D.
flavopicta (Pires et al. 2000a). It is possible that sudden
weather variation after the beginning of the rainy
season may play an important role in the survivorship
of Þrst-generation nymphs and thus the size of sub-
sequent population peaks.
In this work we evaluated mortality rates during
three distinct stages of spittlebug development: dia-
pausing eggs during the dry season; postdiapause eggs
prior the establishment of Þrst instars on theplant; and
nymphs until the emergence of teneral adults. Our
goal was to understand how mortality rates vary dur-
ing D. flavopictas life cycle and how variation in
weather conditions affects the insectÕs annual abun-
dance.
Materials and Methods
Dry Season and the Viability of Diapausing Eggs.
During the months of April and May in 1990 and 1991
(endof the thirdpopulationpeak),D.flavopicta adults
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were captured weekly from pastures of Brachiaria
decumbens Stapf, located40 kmnorth of Brasilia, DF
(15 35 S, 47 42 W; 1,000 m of altitude). Approxi-
mately 150 pairs were placed in each of 12 cages
randomly distributed over the same pasture from
which they were captured. Cages consisted of cylin-
drical iron frames (0.80 m high by 0.30 m diameter)
covered with a white nylon screen. The cages did not
have bottoms and were placed directly over the pas-
ture to allow access to grass for feeding and to soil for
oviposition. After the death of the insects (14 d), the
cages were removed and their location marked with
wooden stakes for future identiÞcation and egg sam-
pling throughout the dry season.
At the beginning of each month, from June to Sep-
tember, the soil under three cages was collected to
a depth of 2 cm. Eggs were recovered using soil Þl-
tration, ßotation in a saturated solution of NaCl
(400WV) and a supernatant washwith distilledwater
(Sujii 1994). All recovered eggs, even those with al-
terations in color or form, suggesting that they were
dead, were included in the sample. Empty chorions
were excluded. Cohorts of 50 eggs were placed in a
10-cm-diameter petri dish containing a layer of cotton
covered with moist Þlter paper. Petri dishes, Þve rep-
licates in 1990 and four replicates in 1991, were kept
in environmental chambers at 28  1C and a photo-
period of 12:12 (L:D) h until the emergence of
nymphs. Egg hatching wasmonitored every other day
until the emergence or death of all eggs in each rep-
licate. Eggs that did not hatch and became ßat and
black were considered dead for the mortality evalu-
ation. Monthly mortality rates within a given year
were compared using analysis of variance (ANOVA)
and Tukey test, after arcsine transformation.
Moisture and Postdiapause Embryonic Develop-
ment. The proportion of postdiapause eggs that starts
Þnal embryonic development was tested in the labo-
ratory by varying the periods of an initial high mois-
ture condition (direct exposure to free water). This
experiment simulated the occurrence of low precip-
itation (30 mm) followed by periods of drought
longer than 7 d at the beginning of the rainy season,
so that the soil is moist for only a few days. Diapausing
eggs, obtained from adults collected in the Þeld in
April and May, were maintained in Petri dishes at
ambient conditions (20 6C and a photoperiod of
12:12 [L:D] h) in the laboratory from May to August
(Sujii et al. 1995). At the beginning of September,
when the eggs naturally enter the postdiapause or
quiescence without any token stimuli (Pires et al.
2000a), 15 randomly selected eggs were placed on
Þlter paper and then in Petri dishes lined on the
bottomwithabsorbentcotton.Four replicatesof these
eggs, forming each treatment, were then exposed to
moisture (direct exposure to freewater) for 6 and 12h
and 1, 2, 4, 6, 8, and 15 d at 28 1C and a photoperiod
of 12:12 (L:D) h (condition 1) in an environmental
chamber. Moisture was provided by adding water ad
libitum to the cotton underneath the Þlter paper. For
the treatments longer than 2 d, this layer was moist-
ened every other day to ensure continuous contact
between water and eggs.
After exposure to varying periods of moisture, eggs
were transferred to Petri dishes lined with dry Þlter
paper and kept without moisture (25Ð50% RH), at
28C (condition 2) for a 14-d period to kill any em-
bryos that had resumed development. Preliminary
studies showed that 100% of nondiapausing eggs died
whenexposed to thisdrought treatment(seealsoPires
et al. 2000b). Following this dry period, eggs were
again transferred tomoist conditions (condition 3), as
described above for condition 1, until hatching of
quiescent eggs or death of all individuals.Nymphs that
emerged under condition 1 were considered repre-
sentative of the group that started Þnal embryonic
development and thendiedunder condition 2, anddid
not emerge under condition 3.Nymphs trapped inside
eggs after 60 d were considered dead. With this pro-
cedure, it was possible to distinguish the proportion of
eggs that resumed Þnal embryonic development in
response to different periods of exposure to moisture
(condition 1) from those that were naturally infertile.
To estimate the average proportion of natural in-
fertility in the population and the time of exposure to
moist conditions required for postdiapause eggs to
resume embryonic development, a group of four Petri
dishes with 15 eggs each was kept under moist con-
ditions until hatching or death of all eggs. The time of
exposure to moist conditions required for each egg to
resume Þnal embryonic development was calculated
by subtracting the average time of 12 d, equivalent to
the thermal constant of 168 degree-days at 28C (Sujii
et al. 1995), from hatching time of each egg in the
experiment. The last egg hatching in this group al-
lowed the estimation of the time necessary under
moist conditions to induce all eggs of a population to
start Þnal embryonic development.
Egg hatching was monitored every other day
throughout the experiment. For each period of mois-
ture exposure, hatching time and egg mortality rates
were calculated. Because egg mortality was due to
either low moisture (lack of contact with free water)
or infertility, the average rate of infertility in the con-
trol (11.7%) was subtracted from the total mortality
rate in each treatment to give an estimate ofmoisture-
related mortality or the corresponding proportion of
embryos that resumed postdiapause development.
To model the proportion of eggs resuming embry-
onic development as a function of moisture exposure
time, a graph of the accumulated proportion of em-
bryos that resumed development was constructed. An
empirical function that approximated a bounded 
distribution(Stinneret al. 1975)wasused tomodel the
daily proportion P of eggs resuming development as a
function of time (t) under moist conditions:
Pt  1  ZhZ
k
0  Z  1 [1]
where Z  (B-t) (B-A)	1, A is the day in which the
Þrst embryoresumeddevelopment,B theday inwhich
the last embryo resumed development, and t is a given
time between A and B. The parameter k was given a
value of 2, which has been used to describe the cu-
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mulative emergence of several insect species (Stinner
et al. 1975). The value of h was estimated from com-
parisons of model predictions (equation 1) with the
frequency distribution observed in the experiment.
Modeled and observed curves of hatching proportion
were compared using the Kolmogorov-Smirnov test
(Wilkinson 1990).
Theaverage time for egghatchingwas calculatedby
subtracting the time spent in conditions 1
2 in each
treatment. Comparing the means among the treat-
ments, using the Kruskal-Wallis ANOVA, we tested if
initial exposure to moisture (condition 1) could be
initiating embryonic development in some eggs that
then wait for condition 3 to resume embryonic de-
velopment. If so, these eggs would hatch early reduc-
ing the average time in some treatments.
Mortality of PostdiapauseEggs andNewlyEmerged
Nymphs. Eggs recovered from soil samples brought
from the Þeld (as above) were incubated in Petri
dishes lined with a layer of cotton covered with moist
Þlter paper, and kept in incubators at 28  1C and a
photoperiod of 12:12 (L:D) h until the eggs reached
the Þnal stage of embryonic development, following
the description of Koller et al. (1987). Groups of 20
eggs with fully developed embryos were chosen ran-
domly and placed at the base of potted plants of B.
ruziziensis in a greenhouse. These pots had been wa-
tered to saturation 24 h before the experiment. After
initial watering, pots were kept without water for
periods of 4, 8, 12, and 16 d (treatments). Pots were
then watered daily using overhead sprinklers. Each
treatment had eight replications. A control set of eight
pots was kept under daily irrigation throughout the
experiment. The plants were observed three times
weekly, and examined for the presence of Þrst instars.
Newly emerged Þrst instars of spittlebug move di-
rectly to the nearest suitable plant and establish them-
selves at the base of stems and exposed roots, where
they immediately start feeding and producing spittle
(Pires et al. 2000c). First instars usually feed gregar-
iously in the same spittle, and all nymphs that died
were removed with a small paintbrush. Observations
stopped when all surviving nymphs reached the sec-
ond instar. The relationship between period of water
deÞcit and mortality of eggs and newly emerged
nymphs was described by linear regressions.
Mortality Acting on Nymphs in the Field. Cohorts
with variable numbers (7Ð108) of D. flavopicta Þrst
instars in a Brachiaria pasture were observed begin-
ning when Þrst instars established on grass stems until
the emergence of teneral adults. Each cohort was
protected from predators by cages consisting of a
wooden frame (0.5 m long by 0.5 m wide by 0.7 m
high) covered with a nylon organdy screen (mesh
0.25mm). The base of the cagewas buried 10 cmdeep
to impede the entrance of soil insects from beneath.
Ten cohorts were observed during the three annual
generations of 1995/1996, and Þvewere observed dur-
ing the second generation of 1996/1997.
To determine the movement and survivorship of
each individual during the nymphal stage, the position
of each nymph within cages was marked with a small
numbered wooden stake. Records about the position
and development stage of nymphs were made every
1Ð3 d following Sujii (1998). Proportional mortalities
for each instar were compared among the different
generations to evaluate theeffects of seasonalweather
variation. Nymphal density in each cagewas recorded
and correlatedwithmortality estimates.Weather data
were obtained from aweather station installed5 km
N of the Þeld.
Results
Dry Season and the Viability of Diapausing Eggs.
Monthlymortality of diapausing eggs collected during
the dry season (JuneÐSeptember) over 2 yr varied
from 4.2 to 37.5%, and presented a general pattern of
decreasing mortality from June to August followed by
an increase in September (Fig. 1). Mortality rates in
JulyÐAugust in the two different years did not differ
signiÞcantly (ANOVA, F  2.85, df  17, P  0.05),
revealing that the average rate of mortality of 9.7 
2.69% can be attributed to direct and indirect effects
of thedry (monthly precipitation 15mm)andwarm
(average temperature 21C) conditions during this
time of year.
Moisture and Postdiapause Embryonic Develop-
ment. The proportion of postdiapause eggs starting
Þnal embryonic development increased as a conse-
quence of exposure to increasing periods of moisture
Fig. 1. Mean  SE percent mortality of diapausing eggs
of D. flavopicta collected in different months of the dry
season from the Þeld and incubated in the laboratory at 28C
under moist conditions. Same letters above the bars within a
year indicate nonsigniÞcant difference among the means
(Tukey test P  0.05).
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in condition 1 (Fig. 2). The proportion of these that
died fromthehydric stress of condition2wasdetected
under condition 3. The group of eggs kept continu-
ously in moist conditions revealed a natural infertility
rate (mean SD) of 11.7 8.53%. This rate of natural
infertility was subtracted from all moisture-exposed
treatments to better estimate the proportion of eggs
starting Þnal embryonic development (Fig. 2). The
last hatching, in this group of eggs continuously ex-
posed to moisture, occurred after 38 d. Thus, postdia-
pause eggs need 26 d of moisture to ensure initiation
of embryonic development in all individuals of a pop-
ulation.
The  distribution described the accumulated pro-
portion of eggs resuming embryonic development as
a functionof timeof exposure tomoist conditions. The
Þrst postdiapause eggs resuming embryonic develop-
ment, parameter A (equation 1), were observed after
4 d of exposure to moist conditions, and the last dia-
pausing egg resuming embryonic development, pa-
rameter B (equation 1), was observed after 26 d. The
value h  1.13 provided the best Þt between observed
andsimulatedvalues (Fig. 2).Theaverage time foregg
hatch in all treatments (Fig. 3) did not differ signiÞ-
cantly (H  11.24, df  7, P  0.13), supporting the
assumption that all hatched eggs began the Þnal em-
bryonic development simultaneously during condi-
tion 3.
Mortality of PostdiapauseEggs andNewlyEmerged
Nymphs. Increasing exposure to low moisture pro-
gressively raised mortality rates of newly emerged
nymphs and embryos (Fig. 4). Linear regression anal-
ysis showed that there is a positive relationship be-
tween days of hydric stress (HS) and both the average
proportional mortality (PM) of eggs in the Þnal stage
of development and newly emerged nymphs (PM 
0.534
 0.029 HS; r2 0.89, F  25.12, P  0.015, N 
5). This result suggests that even in the absence of
hydric stress (HS  0), only half of postdiapause eggs
become established as nymphs on the potted plants.
Plants under Þeld conditions may provide better or
worse conditions for nymphs survivorship because at
microclimate or root size, and additional tests in the
Þeld are warranted.
Convolving the  distribution of embryonic devel-
opmentwith theproportionof eggmortality, obtained
from the above equation, generated a curve of total
mortality expected for each combination of moisture
exposure time followed by a period of low moisture
(Fig. 5). An absence of hydric stress (4 d without
rain) maximizes nymphal survivorship. At the other
Fig. 2. Postdiapause eggs of the spittlebug resuming em-
bryonic development after exposure to moist conditions for
different periods. Natural infertility of eggs (0.117) was sub-
tracted from the observed data to standardize them. Curve is
a  distribution; parameters h  1.13 and k  2 (see text for
details). Simulated and standardized data were not signiÞ-
cantly different (Kolmogorov-Smirnov test, D  0.167, P 
0.999, N  6).
Fig. 3. Time taken for eggs of D. flavopicta to hatch
(mean SD) after 0.25, 0.5, 1, 2, 4, 6, 8, and 16 d of exposure
to moist conditions (treatments 1Ð8, condition 1) followed
for a period of 14 d of drought (condition 2), and a return to
moist conditions until egg hatch (condition 3). Bars repre-
sent only the time spent in condition 3.
Fig. 4. Mortality (meanSE,N 8)of eggs inÞnal stage
of embryonic development and of newly emergednymphs of
D. flavopicta exposed for different periods of drought
(ANOVA, F  10.39, df  39, P  0.001).
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extreme, 16 d of drought after initial intense and fre-
quent rain (keeping the soil moist for 14 d) maximize
mortality in local populations of D. flavopicta.
Nymph Mortality After Establishment on the Host
Plant. Mortality of nymphs in abscense of predators
andparasites, in 1995/1996 and1996/1997was lowand
did not differ signiÞcantly across generations (Table
1). Differences in mortality between nymphal stages
were not detected (Kruskal-Wallis, H  15.710, df 
11, P  0.152; Fig. 6), and there was no correlation
between the insect density inside the cages and the
resultant mortalities (Pearson, r  0.20, P  0.29, N 
30; Fig. 7).
The number of nymphs that moved from the initial
plantwaspositivelycorrelatedwith thenumberofÞrst
instars within the same spittle mass (Pearson, r 
0.899, P  0.006, N  21). In 80% of observations, Þrst
instars that were aggregated in the same spittle mass
(2Ð12nymphs/spittle)movedout tonew isolated spit-
tle, where they became teneral adults.
Discussion
Diapausing D. flavopicta eggs are well adapted to
resist drought. The low mortality rates of eggs ob-
served during the middle of the dry season (July and
August) indicate that lack of moisture and warm soil
do not preclude outbreaks of D. flavopicta popula-
tions.Althoughmortality rates varied from4.2 to37.5%
through the dry season (Fig. 1), highermortality early
in the dry season (June) was probably due to the
Fig. 5. Predicted mortality of eggs in Þnal stage of em-
bryonic development and of newly emerged nymphs of D.
flavopicta, after a combination of an initial period of moist
conditions followed by hydric stress, simulating lack of rain.
Table 1. Nymphal mortality in cohorts of D. flavopicta nymphs
during 1995/1996 and 1996/1997 in pastures of B. ruziziensis
located in Federal District, Brazil
Population
generation
Mortality of caged nymphs
mean  SD (N)
1st/1995/1996 0.134 0.156 (10)
2nd/1995/1996 0.308 0.152 (10)
3rd/1995/1996 0.157 0.252 (09)
2nd/1996/1997 0.138 0.105 (05)
ANOVA F  1.897, df 33, P  0.15; Data arcsine transformed for
analysis.
Fig. 6. Proportional mortality of the spittlebug, D. fla-
vopicta, in B. ruziziensis pastures in 1995/1996. There is no
difference in the mortality among instars of the same gen-
eration. (a) Þrst generation (Kruskal-Wallis,H  1.489, df
3, P  0.685), (b) second generation (Kruskal-Wallis, H 
0.542, df 3, P  0.910), and (c) third generation (Kruskal-
Wallis, H  1.356, df  3, P  0.716).
Fig. 7. Relationship between nymphal density and the
mortality observed in the same cage during the immature
phase of the spittlebugD. flavopicta in B. ruziziensis pastures
in 1995/1996.
April 2002 SUJII ET AL.: MORTALITY FACTORS OF D. flavopicta 303
presence of nondiapausing eggs laid by third genera-
tion females in April/May, as observed by Sujii et al.
(1995) and Fontes et al. (1995). Such eggs die when
faced with drought conditions, but they were still
found in the JuneÐJuly soil samples. By July, these eggs
had decomposed and the chorions were excluded
from the samples. The termination of diapause at the
beginning of the rainy season, when the frequency of
rain is unpredictable, probably caused the increase of
egg mortality in September. The mortality rate of
around 9.7%, observed in the middry season (JulyÐ
August), is probably the best estimate of diapausing
egg mortality caused by the adverse conditions of the
dry season. Although Hewitt (1986) observed that
only 8.5% of spittlebug eggs survived the dry season in
the state of Mato Grosso, Brazil, 73% of the mortality
was attributed to predation. A number of studies have
conÞrmed the low response of diapausing eggs to
environmental factors during the dry season in June
and July (Sujii et al. 1995, Pires et al. 2000a), and the
impact of precipitation and humidity at the beginning
of the rainy season on postdormancy population size
(Oomen 1975, Melo et al. 1984, Sujii et al. 1995, Pires
et al. 2000a).
The interplay among diapause and rainfall distribu-
tion at the beginning of the rainy season results in a
variable pattern of population dynamics from year to
year. In the current study, we propose a model that
explains how different combinations of precipitation
and drought periods at the beginning of the rainy
season can inßuence the mortality of eggs in the Þnal
embryonic stage and of newly emerged nymphs.
Based on our results we hypothesize that after the
beginning of the rainy season, continued rain for14
d promotes embryonic development of a high propor-
tion of postdiapause eggs, and synchronizes nymphal
occurrence in the Þeld. In contrast, sparse rainfall
keeps postdiapause eggs quiescent, and hatching oc-
curs asynchronously over a long period of weeks in
accordance with the distribution of precipitation.
Other species of spittlebugs, Aeneolamia occidentalis
(Walker) and Prosapia simulans (Walker), show the
same pattern of occurrence inMexico (Oomen 1975),
suggesting that this mechanism of risk distribution
related to rain frequency may be common for this
subgroup of the family Cercopidae. Newly emerged
nymphs desiccate quickly and die if they do not Þnd
a host plant, or if a drought period with high temper-
ature occurs at this nymphal stage (Pires et al. 2000c).
Eggs in the Þnal stage of embryonic development are
also susceptible to desiccation. Our experiments and
Þeld observations indicate that in yearswhen the rains
start in late August or September and are frequent
(periods of interruption no longer than 4 d), survival
of postdiapause eggs and newly emerged nymphs is
maximized, and the chances of population outbreaks
are increased (Fig. 5). However, the occurrence of
sparse and less frequent rainfall (6Ð16 d of dampened
soil followed bymore than 16 d of drought), following
the second half of August, drastically increases mor-
tality and reduces the chances of economically im-
portant population densities developing (see also
Pires et al. 2000a).
Our results show that climatic factors, such as
drought stress and high temperature, had little inßu-
ence on the mortality of diapausing eggs and nymphs
of D. flavopicta established on plants. We observed
only a constant and low rate of mortality in different
years. This could explain why several authors (Mi-
lanez et al. 1981, Melo et al. 1984) were unsuccessful
in relating climatic factors such as temperature, soil
humidity, and precipitation to the population dynam-
ics of spittlebugs and its outbreaks. Although further
Þeld studies are necessary, quantifying mortality rates
of postdiapause eggs and newly emerged nymphs,
before their establishment on plants, can serve as the
basis for understanding D. flavopicta outbreaks and
developing new management approaches.
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